Abstract Decelerating generation of preshocks in a narrow (seismogenic) region and accelerating generation of other preshocks in a broader (critical) region, called decelerating-accelerating seismic strain (D-AS) model has been proposed as appropriate for intermediate-term earthquake prediction. An attempt is made in the present work to identify such seismic strain patterns and estimate the corresponding probably ensuing large mainshocks (M ≥ 7.0) in south Japan (30)(31)(32)(33)(34)(35)(36)(37)(38) • N, 130-138 • E). Two such patterns have been identified and the origin time, magnitude, and epicenter coordinates for each of the two corresponding probably ensuing mainshocks have been estimated. Model uncertainties of predicted quantities are also given to allow an objective for- 
Introduction
Accelerating generation of intermediate magnitude preshocks has been observed before many strong earthquakes by several authors (Tocher 1959; Mogi 1969; Sykes and Jaumé 1990; Knopoff et al. 1996; Brehm and Braile 1999; Tzanis et al. 2000; Papazachos and Papazachos 2001; Papazachos et al. 2005 ) and the critical earthquake model has been proposed to interpret this precursory seismicity pattern (Sornette and Sornette 1990; Allègre and Le Mouel 1994; Sornette and Sammis 1995) . According to this model, the physical process of generation of these preshocks is considered as a critical phenomenon that culminates in a critical point which is a strong mainshock. Independent observations considering the rupture in heterogeneous media as a critical phenomenon (Vanneste and Sornette 1992; Lamaignere et al. 1996; Andersen et al. 1997) support this approach. In addition to the critical earthquake model, which offers physical interpretation of accelerating strain, the Stress Accu-mulation Model (Bowman and King 2001; King and Bowman 2003; Mignan et al. 2006; Mignan 2008a) , which is based on space distribution of static stress before the occurrence of a strong mainshock (decay of the stress shadow from a previous large event), also interprets properties of accelerating seismic strain. On the other hand, there are other views doubting the statistical significance of the accelerating seismicity (i.e., Hardebeck et al. 2008) .
On the basis of damage mechanics theory, Bufe and Varnes (1993) proposed a power law for the time variation of the cumulative Benioff strain, S (square root of seismic energy), released by accelerating preshocks in the region where these preshocks occur (critical region):
where t c is the origin time of the mainshock and A, B, and m are model parameters (A > 0, B < 0, t < t c , and m < 1 for accelerating strain). Considering previous studies where a large number of worldwide observations was used (Bufe and Varnes 1993; Bowman et al. 1998; Papazachos and Papazachos 2001; Zöller and Hainzl 2002; Papazachos et al. 2005 , among many others), theoretical considerations and laboratory results (Rundle et al. 1996; Ben-Zion et al. 1999; Guarino et al. 1999; Rundle et al. 2000; Ben-Zion and Lyakhovsky 2002) , as well as stress transfer considerations (Mignan et al. 2007 ), a typical value for exponent m equal to 0.3 was adopted in the present study. Bowman et al. (1998) suggested the minimization of a curvature parameter, C, which is defined as the ratio of the root mean square error of the power law fit (relation 1) to the corresponding linear fit error. These authors applied this procedure of minimization of C to identify critical (accelerating preshock) regions in various areas. Limitations on the adequacy of C value for systematic forecasts have been discussed in latter-day studies (i.e., Mignan 2008b; Hardebeck et al. 2008 ). This approach of identifying critical regions of previous mainshocks has been further developed and properties of such regions expressed by empirical relations with predictive properties have been defined (Papazachos and Papazachos 2001; Scordilis et al. 2004; Papazachos et al. 2005 ) on the basis of data from various seismotectonic regimes (Aegean, Adriatic, Himalayas, Japan, and California).
In addition to accelerating seismicity, seismic quiescence is a precursory seismicity pattern which has been also observed before many strong earthquakes by several authors (Wyss et al. 1981; Wyss and Habermann 1988; Scholz 1988; Zöller et al. 2002, among others) . However, seismic quiescence is observed mainly close to the fault region, which is much smaller than the critical region where accelerating precursory seismicity occurs. Stress relaxation due to aseismic sliding is a possible explanation for the preseismic intermediateterm seismic quiescence (Wyss et al. 1981; Kato et al. 1997 ). The seismicity pattern in which seismic excitation occurs in the broader region and seismic quiescence in the narrow region has been traditionally called "doughnut pattern," following the initial ideas of Mogi (1969) . Other seismologists (Evison and Rhoades 1997; Evison 2001; Rhoades and Evison 2006) observed that seismic quiescence is preceded by seismic excitation in the narrow focal region. Furthermore, alternative models like the Stress Accumulation Model (Bowman and King 2001; King and Bowman 2003; Mignan et al. 2006; Mignan 2008a ) and the Non-Critical Precursory Accelerating Seismicity Theory (by Mignan 2008b) also interpret, in a much better manner, the properties of decelerating strain. According to this model, both patterns of accelerating and decelerating strain are due to creep at depth and slip on adjacent faults. This model also predicts regions with accelerating seismicity (lobes with enhanced stress) and other regions with decelerating seismicity (shadow lobes where stress decreases). Papazachos et al. (2004 Papazachos et al. ( , 2006 used global data to show that, in a relatively narrow area (defined as "seismogenic" region), decelerating generation of preshocks is observed (decelerating preshocks) and the time variation of the Benioff strain can be also described by the power law (relation 1) but with m > 1. An average value m = 3.0 has been calculated and this value is also adopted in the present work. Predictive properties of decelerating preshocks expressed by empirical relations also have been observed.
